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Abstract: 

PROBLEM TO BE SOLVED: To reduce problems such as erroneously interpreting received control 
information by transmitting information belonging to a control field with power different from 
real data to be transmitted. 

SOLUTION: This system is provided with first and second devices and a two way data 
transmission connection for sending user data and control information from the second device 
to the first device. In this case, first, second and third transmission power levels are 
determined. By applying the second transmission power level to the transmission of a first 
control information field and applying the third transmission power level to the transmission of 
a second control information field, the frame of data is transmitted from the second device to 
the first device. Concerning the mobile station and base station of a cellular radio system, these 
mobile station and base station are functioned as first and second devices by this method. 
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[infill] mi<Dmmtm2commt, mmmit 

[it 2 ] Buiaff 2 coi^it ^ w-<yv ^ ifufBgg 3 co 
sm^- -r^/K^es^ t-^fjs it, mmm 1 ^ft*;^ 

H 3 co5£{f «^ i-^/v t^fK^l/^^ £ -T £ 

[it mjtd^i commtmmm2(Dmmt(Dm 

356) b . 

stf ib® 1 ^st t mmm 2 co^e ^ <d m * ttfcttr 

fep B p5f#l£K:S^^T\ itufBfg 1 co Sift u-</u\cm 
LT, mjfB®2^^ftm^^^/v^mjfB^3^aift«^ 

[ft 5 ] itufBIg 2 co W</v £ itufEJg 3 CO 

^{tm^?l^^/V^co5 ^co^/^< £ -h—jj&M^ir&m 

^^x&%^mxmm^ 2 commnti u^/^mM-r^^ 
-f^yzft, m<D^mxmm^z<Dmnm i ti^'<^& 

[if^6] it^Ji4 ^td^co^^feoT. &mm 



#tfi ji t mmm t <d m <owgt<o & &m%nir % * ^ 

mlt^M^y W — y~^> bp — ylc^^x, mifB®2 
co^ff MX ^^J^tmUfH 3 coitff mti u^vco 9 ^co 

mmm^n±mmmmm^m^^xmmmm7j 

/vcoffjfB^^bytp^^T 5 ^ ^rlt^S r ^ & 
^5(307) r i:^#^^t-6ff^5S6 ^|a*©*» e 

[tf*ii8 ] mmmmm^m^^mmmm^nfcm 
iff^? w-<ypco 5 %<o'j?t£ < th lo&mm&mm^m 

[ft*:3S9] HtriaiSj»*y h r?— ^ h ^— 

IBM^a^tifcp B pK^S^^r, HfflSSflfi^ds^^-SmT 
fBB 2 co^fim^J t ffffB® 3 co^ff 

co5^>co/>^< th— ^ficm-r^M^n^ 016) 

^^^(317) 

i"S^^y>^(321) 

^(322, 323 , 324) b, 

^^{tm^U-</V^#6^^^-7 P (325) 
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i (DmmmRum 2 commm^ . mmm 1 <n&mm 
t mmm 2 <Dmmmtmm^ < m—<D»mm t 

mrlB^»^ ^<tor. mffsisi** ^ hv— 2^1/ Fp- 

^6^:^(321) 

mmmmm ^ ^^r & striae * n o D ir ^ tfiis# mm t 

^6^:7^;/ (323) 
4) 

&MMmK^^x(ommtiW£fifcm2(Dm{nmj) 

5) b, 

t<Dx.o\c vxnhthtzmmm^mmmmmt} w</v£r 
[ft^ 1 2 ] mmmm^-^^(D^4 x^mm 

^o^TfiSiJi-*S-rS (326) r ^ ^rWfti:^ 

1 3 ] mmrMm^mmm^Mm ^ti&zr—? 
x^r«xi- & (333) n t t-t% mmm 1 icmm^ 

^i-5ff^lll3iCfBffec0^ o 

mm^^titc^m^m^^x , MrfES^^ffi^r^tfr 
wB® 2 co^ftff;^ i^/v ^ tfrta® 3 comm i^/v t 

<Do*><D&t£< ^^-^iLtM^tT9 (339) It 



tfjfEB 2 (Dmmmjj t ttm-B 3 (Dm\t mjj i^a- 

b<Do*><D'>t£< tfe— #£^1-5(345) £ £ £W» 

^ mzmmmtmz&mmb^ma-jT ^y >?mm 

^ BUlBB 2 CO^{f m^J t frjlBH 3 © I' 

-<yVi:co 5 *>C04>ft< £^> — ^^ibt^^f 5 (35 

R , S/N , S/(N+Ih BER , FER x Xte^:lm £ flfzUfa 

[fjf^xii 9] m^m ^^:|B*©^^^:^3v^r, mi 
TtfriaBis miiaB2, mrtam 3 (Dmrnnt) u^/v^su 

mjfE^^B2cD^micov^r^^^L7tmjfa||l. fu 

tsm 2^tKtfjffin 3 commm^ ^ t \C 

1, S 3 (Dlfi^j § ; t ia o 

Tffjfe^^B 2 co^m^^mffHB l u-A 
^(306) t§r#x.5^ 

[tt^jg 2 o ] ttrtE^ i , mmm 2 ^t^sfrtss 3 com 

^^a^tbfcS^o^^«^;u-</ut^^< b h 

-c^4t»ss ^nrcm±n^mm nti u^/u t &±xm c 

S5^lr^SJ:5t-. Miami, huIBB 2 Ax* wiUM 3 
3^m^^^^tfflE*SSrlSSt-S(368) ^.b&mWL 

2 1 ] mriEm 1 , mmm 2 Rummm 3 co^ 
tarn 1 co^im^j u<</i< b & & < b h m cm s t-^ 5 £ 

m^ix^vtS^I^ CIS $1-^5 J; 5i-, MfHll2(0 

mumzmm^rz 069, 370) - 1 ^#»^3ffi^fi 
[tt^i 2 2 ] mmm 1 cosg«* s ^»^"e& 1? , stfts 
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£ ^ J: o r sfria»»^ tfriagjf ^ ^s^sfffp =* ^ > 

^^Wi-5fcfecD^(404, 408 , 409) ^ BM^T 
#>c^l£(409 s 408 . 411) b ^r#x.6ir/v^— Mffci/x 

"rJ-mmm (4oo)*t?&o-c\ mimx ^m^mxm 

mm^mmir%fc#><D^m(503^ 502 , soDt. e^i- 
^ * ^ mmf- * t & bus a^»jf ^ b sfs *r 5 

#>£>^I&(50U 502 . 503) i:^r«x.S-tr/V7^-iljJ6v / ^ 
%2co^mt LTiltSJ; 5^otv^r ^$r#m 

[0 0 0 1 ] 

[^coM^3&t#^I?] -/Rtc. *!§§gfi. 

t m m ir 5 r b & X% & / v ^ - at H v * ^ & MB 
[0002] 

mm^toxmwm. mr^xibvt>m$.m&^ 
mmmxm^iir&^b&x^ & 0 mwt*i&. #^yr 
la^—^mmmmx^ ^—mcDmmm^m^^o ^ 

[0003] n^ftmck^xftMisti, mx^m^mx 

tote, v\b*$>£^n • V^SSK. 



(Dmmmtm^m^^xmm^n^mmb^^ 

[0 0 0 4] «e*SWt^J:5CDMA^^'7 L ^T?^, l^fc^ 
SIRm^rM=F^WJjit) , BER(tT^ hm*) m <D±&(D 

^nMm^—y^K^^xm^^ntcmm^nm^ 

$[JW/v— ^oM^rcoSif^as^fefc f9 i600[Mi^fe5o 
SiiSift«£ie3£-r5siR ltfe5v^MoDv^< o^o^m 

^ ^ w_ K ^ y ^ j; 5 tc r o ^ 4 -? (omm^—^nm 

6 Q ^{f^^ifM^Bff^co^^^^(ldB^^) t±=f>$> 

[0 0 0 5] ^fb^^^LSit^^^ff-ra^^ n • 
it 5 T y ^ !J >- ^ ^feaSt^o 

v^r^-fw^-r^o #Ktfe^^, ^co^mb brsiR ffi 
^tiM-t" 5 ^ 5 d^WSt 5 ^ 5 fc co T 

^bhX^& L,t-tz.mmK&m£iiX\<> 

-So 

[0006] ^^^y fBmxfc, ~<dmi££ 
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Sc-cftfN b r V ^ -r^r ^SJfi^ ^ J; o r gfl £ *x £ o 
[0 0 0 7] «^3*flW=i^r^ Kt^n^Ts ffll<£>l\b*3><5 

t mm®, t \c §§#-r & mm&mm-t % it mmm 

[0 0 0 8] 

^i^©f(D0 £ 1 ^^"£^5^ £ris&£ 0 

[0009] ^mm<D^m^ n • ^v^— v^g* 
jw, ocD#i5^i: 1 ^(Dmmmb(Dm^^M^>M 
3fiz& it § mmmm(D&m m bb#i- § it Ram ^ i-^ 

^S^W^JI^^^b^V^j;5^i"5-^"efe-5o J£ 
[0 0 10] 

il WW7^-^K( W^tf-'VPy h7^-;^F, tt 
^ffffjfp^ — /vR&Ufci:?^ — /vKt^y b) Iff 



m^/M t iris s ti & 7 4 k i ^(Dmmmjj 
brv^rt>j;v\ ifflft^tiittf-^ 

fd^^(m^^^\ ^mxmm^^^/^bmm 
[ooiii^ia^m ^ 1 coSR&tfS? 2 

Mt^^/^, m3(Dmmmjji/-<^b&®:m~t& 
y^yzfb^ mmm 2 cr>^{f mjj u^/u&m 1 ^ftiMwiff 

[0 0 12] ir/w^— ^^^^t-A 

^(ts^K^t^sjfia^BBb, ^h^mmbmm 
m t te±m<Dm>w<Djjmxm 1 <nmmR&m 2 cog^i: 

[0 0 13] WW^y AC0V^< O^)^ 

*"C^fScoftiJ»^ >r KfcM-r 5 ^ y b ^r^£ r b ic 
iot S« ©©Ifil 'Iff « SSKf § ^ t ^ 

t , S«^^©J«J1ff*B^«Jett^FfM© 

[0014] s%-fir*ijt^f^ sMse^sfs-f-stfy h 
4~;vv^vy<Dmmmfitimu^th%>o — M«ff 

*O^>!r3fe$|54>C0a^«^H l^^ff^-f^Xf^CO^ 

tr^ h^««^i^br-«Mi-5r t^-e§r5 0 
K-sfeb-cv^*^ ^^^y v^sjSirBB«i-5«:^ 
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9 b> hco^tm^j^KbrffiT^^^r S 0 

[0015] mc? ^ic^tifozmv e> hcom 

Sfta&astT 5 Ritas' hS?«R^f^^^»^tt§ 0 
If b t*f—& t"> b ^M<D«*|if^ ^-f a ^ b try 

[0016] ^m#p^ >f vcommnjj&m^cDmm 

S«-C # 5 J: 5 ft *J«i fl&cofM Wf« ^ £rfc^ 

[0 0 17] 

[ooi8] mc^mmfc, ^?s^^#^umts( 

^/V^WiW-M^i^^^r A : Universal Mobile Telec 
ommunications System) ^V^TfiMTt <5 CD^. UMTS 

<>^x&TicMmcmm-t&o ua>u ^^umtst 
mmtcomxmtimm^^^ ^x^/jutmm^mm^ 

-Y * Mf % £r i^Sff 1~ £ "C ^ ir ^ — is x "r A 
>- ^ 5^ ^ £ tt S (punctured) IS-95#I&^M rA^fc 
KJS C TSfJffll tr ^ b ^ftm^J £ t*— ^ 5Mf It^ £ co Jfc^ 

[0019] mi 

-A101 £r#H^U ItrfB^— V— ^J372fHCD]|I 

1^—^102 £r$tx.5o j #I©71/- .M03 <£>16ffl 
co^^f y M04 ^C05>S'J^^. i #gCD^i^ 

n y b 105 Pyh7>f "/V K106 „ 4 

— /VK107 , RI( bM^) ~7-<— /VK108 „ ^ 

^ ^ — /w k 109 ^ -e<^5^#J*ffi^ JEi-l* b < Mtf £ ti-c 



^i^O. 625ms y hcotp(rf^20*2kbit 

te»#*^BI3Si-5^»:"efes 0 /ukio6 , 107 
^108 m^?vi/yi/#mnmww&(^mmmm 

#P^-^^/v) ^r#^b, /WK109 

5o (HI co*&^, ^SSKti, /^n^7^;V 
K106 , M^7$IJ#P^^— yVKl07 , RI^-T— 7V K108^ 

[0020] 02 «r 5//y 

^^f^720ms X&V, 72fi<r)}g^:7l— ^202 ^^^^t 

•^tbS^-f y b204 id, i f @CO^-fAXPy h 

205 ^W^j^StL-CV^o r©^^fA^oyh©H, 
DPCCH ^^206 ^tFDPDCH tP^207 ^[nl0#lC^tT ttfe 

V^S, -t-fcib*?. DPCCH §154^206 ©e^^pldfi, DPDCH 
^207 COfe^^f^^Sffiifc^^SffifflSnSo BtT 

K209 ^OTI^-f— /VK210 ^^^ttSo 

yvK209^:t^RI^^— /1-K210 ic^^txSb^y 

t)^^£th%t>tfXfc?j:\s\ 

[0021] f—^^^r^/^t^m^^^^t(Dmx\ 

CCH ^^-%/^) (O^-^x — ^^^r^/VCDPDCH^^^/V) 

gaScNP^^, W»^^^V&tfe«»CO*^— ^^^^ 

*?yf . h (chip rate) ^4. 096Mchip/sT?& 9 , T 

y^y^^ DPCCH ^-r^yvco^y h bd5l6kbit/s 
T5\ DPDCH ^-^/WDfcfy b h^32kbit/s-C\ 
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[0 0 2 2] — r^!) ^^SfJBc^Ft-^. DPDCH 

^-Y^/U(D\^y M^— b^32kbit/s^±-e&5 ^ 
iftjf/^ff UfcDPCCH 5^^/^DPDCH ^-r^yv-^co^ 

— h-e) Bfeufcr ^^^m^dpcch ^*/wfi<£> 
^ h(DPCCH^-r^/vcDbry h) ^g:ff^tiSo 

[0023] ^mmfczm^ ^.tih&mjjmnm* co 

0^2 co^-f— /VK106 . 107 , 108 . 208 . 209 . 210 

t&x%, mmmt}^m^y:nm , ^comm t Px^x.mM 
[0024] ^mmcD&mftmmw^kfri^ r^y 

>^S^cf^I§|SX:CODPCCH ^-^/VirDPDCH ^-T^/VcD^ 

[0 0 2 5] ^§mt #m^«^^t^^«Tfg^ft 

tL-5^*EKc3ol^T\ rttb^HI^ — #_h<D|H^gij|ii 
3 -e— STcom^gijgiii^^^ j: 5 ^.h^jii^ftiicDg! 

mmm^tix^^ 0 ^nh<Dmm<D—m±^^{xw 
?<d&±M^ mx\-±x(Dfl}ffi^>ftibtix^& 0 — #>J£ 

r CO$|f£333 (Of^li. 4£#W«liE334 „ 335 . 336 . 
337 , 338 aSBBBSfrLTV^o ^^CO^X\ «t^334 
£335 t^fflStCft#T?#( • > , mm336 t33 

^fcffi&X^tm^ffi^ftbtiX^&o Wilt 



in 4 o&is^EastLTv^TiRi^^^^ vai^his 

_hi^( jSCAI) {rMV^TV^So Hi£317 , 321 x 322 , 32 
3 , 324 , 325 fe^CDMffXMlTZ5tl& X X> jtSlMSIfli^r 

[0 0 2 6] 7P 5/^301 ^^^COW^iCfcST-f^ 

RItf> h^{fm^JC03l^371 £/M a v Y b^ftm 
^^3^^383 h\X^fn ^^301 OT^SBB^tLTV^5 0 

[0 0 2 7] ^£|gKcD*^^fieorBffS©^-r— /vKcd 

mi ^#^303 ft, 3T^^^— /UK( /n^^30 
2 <D^y*fj is? (heading) ©T^fcSraft ^^^OfP 

^"Srll^*ffi t V^ 5 ^tt-C^3^V\ B 2 <£>ft#*ffi304 
*3B^!y br?" ^^Fn- ^ (RNC) 3f^fi0( 

^ijm^t, i»taiir^5 0 ^ 3 <aft#*ifc365 

it S^^^mS^^365 tJt«^-5t^T*Ut?fe5o 

[0 0 2 8] ft#^ffi304 CDT^:\ ^ ^ ^ V ^*[rJ^ 
i^ir^m^W^^^ K350 ^^o^rf[i^^^-<^ 
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£r pis*?- 5 % <ox n?£ v \ ^mm x v ^ 5 sisije u 

[0029] mtimm^^^ wfemx+m^zntit^ 
t ^ — ^ <b © ra co a^ftm* ^ & ai-r - ^ # o r v ^ £ /c 

l^ffll^t^^^n y^310 ^oT^&rttl^ 
!7 — ^coHSSP^^SPv'^y >^CD— SB£ LT312 . 
C >-^y y^ffiV^r <^£oT314 . 

7 s — ^ tr^ h b^mcomtsM^o^^Mm^^^i-y > 
# , -tz>zbffixzz> 0 ^tcom&, mn<Dmmmmbf- 
^ b^m^mtimicm-r^mm^ m^m^^^v 

&mmir&^b&xt% Q ff^^v i/?mjjM&my£-r 
is?mm<n&'X339 b~rz>zbi>x%z> 0 mm< ? 

— ^-(Perch) ^--T^/VCOSIR ffi£>SISffi318 b^MM)(D 

^ co^fe^si^ ^ ^ xm ^^M<Dmmmm 
mcMhft^mfy&^zm^tf&mm^z^b&x 

[0 0 3 0] (f H K»JS317 frtt>T#i/B^mmffi1&&2> 



fit br^cOflt^^^tLS. ^C0#, ^ny^323 in 

fc^^co^ffi^K^Lfc^jS-rSftrfeSo -co ESI 
[0 0 3 1] — WtUr, -v^n • ^4 ^—^mWtK 
J;oTS!iS^tb5^— ^ • ^-r-*/K!0*ft*fslR 

^2(X2) ^^-«{dS«fe«S-^k ^n(X k) tr^t> 

^S*ttfc*^?|i^(xi/x i)*z , SflS^2(csS* 

^fc«^72S^(Xl/X 2)*z , — jRtC, S^^k 
^^^tbfc«^?^fi(Xl/ / X k)*z t^5 0 ^.thh(Dm 

tf^aw^^^x, z ^»^^n m<Dmmmb 

yh^f^-^try b b<DffiM(Dm£imxh<9 , MmMM 

>$mm§(Ds^ *?■ . ^^^/pcosir fgx 

^/V(Dmimmt) <t ^ 10*loglO((X l/Xk)*z)dBfcttf^< 

coS^SIR ffigr^p?-5S*tJB 1 co^^^ s 10*logl0 
((X l/Xl)*z)dB-efet), ^i&^^n ficD^i^^^^^ 

[0032] M^tf, ^iti^t^y hy— ^ tora-e^ 

tcfts J: 5 t-^^^—^z Sr*T3S^^ t^s-e^Sco-e 
#^j"e&So ^z w^^^itABW^^yK 

b\££V^fr&Mf&~}-&?ib&X%Z> 0 mZ-ft. 3oco 

z bvxm^n&mfe, ftfii3t& 

^^^^^l^^cojt§rjf^J; 5l^s 
[ 0 0 3 3 ] y ^322 — 324 ^^tbcOfl;^;^ 
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325 ^jB35^rv^-5^Bgtc^orii^ni"5326 

^ ^<z>«4> J; o "C« iHttas® T1" § 0 mWSz-? 

x\ ^—mmm(Dmmm^^^V(Dmmm±, -fn^ 
^327^*5 it 5 ^ ^i^—^^m^mm^rit^w^m 

^^328 ^UvOmT >^329 COt"— ^ i-So*< 

n^^KoosiR ffixfi;^— ^cosir fit) as+^fc&Sf-e 

[0 0 3 4] Si^^<D^HM^t^T^— 

- <dW&. «*^tcS<3<JEKIi«SPii(0dB) 

[0 0 3 5] {IMt*-^ — i»t, rcDv-^ytC^oT 

m&f&%-x^z>) x&>z>m&\a^ mmm^—^itt 

60p p pSf^&3; fcftV^ ^4^p^iC«fto 

ib^ s Jirsib t rmm torn. ^£>*pz>&wv > 
&> & 330) m-tr^ mtm^—^^i^m^. s v ^ t 

ft5 e — Kfc, iECDWStt^— (Mx.fcfldB;332)£r 

[0 0 3 6] Mf£. ^^21^— h( ^M^-M 
^^^1iSt^f|«/&Sfi 1 fc>ttT333 18 



T-^;H:<to*c, v^ofEt vxm^^hti 

b^"^^{f^^^oox"^e^^" bTp» 

?mM<v"f-?^y h (Dmtn^m^xmm^ti^M^ 

[0037] mfe^mmjjfo&f— pfcmu 

- h^m^^xmtjm(DMm&m^&h<Dx\±f£< , 

Sri^^i-S^fp]^d^fc»<9 4< , V^T^t^^[nJ334 , 33 

-v^^^-^e^t— h^±t^PB8**efc5338 rta* 

i:br, rcop^:^, -^(DWtMK'r-Pfcmi/- hiU 
^s, ^oBcoK^ili^Ktt^— ^ylWofc, loo 

T"— ^VV( AsyPT y-?*T — ^/V336) t bT^^^fl 

ttTy/yy^) SJK^iSiWi:, Mv^bttSr'— ^feS 
[0 0 3 8] Mi-t>5 — ^«Iffitt^Lt, _bi^0^b 

(Djjmx^-^fcmu- bicm^^x, ±\zmm\^r^ 

[0 0 3 9] yn^316 C0~R-SS* £A±®&0! b 

St^Ji^vy Kco^S^ooffjfpii, 3^339 

R 1B340 Xi^V^< 6^^C0ffi60^-r5m6Offii-J:ST^ 
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v^sJKiaKcDia^-cfeSo sir fEtx^-^^^m 
/R^p^^as-ets,, sir m\z.mx.x, m<D^im 

^p B pf«tbt, mtfS/NCm^SWit) , S/(N+ 

i) m^ttm^RxFT-wtt) , BER<tr^ hmvm ^ot 
[oo4o] ^mmicxtii^ 

fete, «^?H^rOdB . + 3dB Xte-3dB &^£K3£*?"£ 

^£^J;oT$M{t:1-£348 ^t^s-e^So S^odB 
£ ^fi«^jffl^^< mcx&&b\;^ z.b ^« U 
3dB £ Hi^jSI^y Kco^mm^^o^/XfMfP^ 

try ho^si^WW-ttSr^oTSW^tb 

5) ^l/^^&itflcU ^bT. Sy^^-3dB 

9 ^t^-etSo 

[0041] tt^ftotBJa-^^ V(Dmmmt}<Dmw\z.'hfr 
fat>h~t, mmmte, mm-r^mm^^^x^^^^j 



*4> tfjftkfft bte^b n £ ds-srig-efc 

5 0 SHftb«, ffM^^M^M^ffite, i^^pco^ 

c^tt_h©, Kcogfi &fotzM<n, -hlBcolfcffl bfc 

teM r* & o r h x v \ # 5 &> co^ij co ojfg &»j 
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1. Title of Invention 

Method and system for controlling the transmission power of certain 
parts of a radio transmission 

2. Da t a i led Description of Invention 

In general, the invention relates to optimising the use of a radio interface in a 
radio system. In particular, the invention relates to the controlling of 
transmission power with the aim of utilizing the radio interface in an efficient 
way. Here The term radio system refers particularly to a cellular radio system 
where the mobile stations can communicate with various base stations. 

A cellular radio system has a given amount of radio resources at its disposal, 
These resources can be described in a coordinate system where the 
coordinates are frequency, time and location, among others. In other words, in 
each area, there are certain radio frequencies which are available for a certain 
period of time. In order to maximise the data transmission capacity in the 
system and to minimise the power consumption of portable terminals, it is 
extremely important that the radio resources are utilised in an optimal fashion. 

in the CDMA (Code Division Multiple Access) system, where there are 
several simultaneous radio connections at the same frequency, separated by 
means of code division, the transmission power is an important factor when 
optimising the use of radio resources. Particularly important the choice of 
transmission power is in a so-called macrodiversity connection, i.e. in a 
situation where in between the mobile station and the network, essentially 
identical data is transmitted through at least two different base stations, In a 
correctly arranged macrodiversity connection, the transmission power can be 
kept so low that the interference caused for other simultaneous connections 
remains lower than in a case where the connection between a mobile station 
and the network is arranged via one base station only. A poorly arranged 
macrodiversity connection may multiply the interference and remarkably 
reduce the total capacity of the system. The present patent application deals 
with both macrodiversity connections and conventional connections passing 
through one base station only. 

In a prior art CDMA system, there is often applied so-called two-level power 
control. An outer control loop, i.e. so-called quality loop, tries to find a 
suitable target level for the SIR (Signal to Interference Ratio), the BER (Bit 
Error Ratio) and/or the FER {Frame Error Ratio) of the connection, and/or for 
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some other factor describing the quality of the connection in question. An 
inner control loop attempts to adjust the transmission power so that the latest 
target level(s) reported by the outer control loop should be achieved. In order 
to compensate fast fade-outs and the so-called near-far phenomenon, the inner 
control loop operates very rapidly, even thousands of times per second. A 
typical rate of operation for the inner control loop is 1600 times per second. 
This type of control loop functions so that a receiving device investigates 
whether the SIR value or some other factor describing the connection quality 
surpasses the target level or falls under it, and gives feedback to that effect to 
the transmitting device. In the simplest form, said feedback is only a 
command to increase or reduce transmission power, in which case it can be 
expressed in one bit: for instance the bit value zero is interpreted as a 
command to reduce transmission power, and the bit value one is interpreted as 
a command to increase transmission power. A given step, for example I dB, 
for increasing or reducing transmission power, can be agreed on in advance. 

Let us first observe uplink data transmission in a macrodiyersity connection, 
where the mobile station transmits and the base stations receive. Each base 
station measures, for its own part, a SIR value or the like, compares it with 
the target level and sends a power control command as feedback to the mobile 
station, The mobile station surveys the received power control commands and 
applies an algorithm in order to decide whether it should reduce or increase 
its transmission power. A simple algorithm functions so that the mobile 
station increases its transmission power, if it receives from all base stations a 
command for increasing transmission power, and reduces its transmission 
power, if it receives a command to that effect from even one base station. 
Other algorithms can be, and are, used. 

In downlink data transmission, the mobile station compares the measured SIR 
value or the tike with the target level and sends, on the basis of the result 
obtained in this comparison, a power control command which is received by 
all base stations operating in said macrodiversity connection. 

In addition to power control commands, also other so-called control 
information is transmitted in between the mobile stations and the base 
stations. Power control commands and other control information differ from 
user data or the actual data to be transmitted in that their contents are not 
meant for the information of the user, but they are used to control factors 
linked with the use and functionality of the connection. In addition to power 
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control commands, another example of control information are the RI (Rate 
Information) bits included in each frame to be transmitted over each radio 
connection and used for sending information from the transmitting to the 
receiving device about the data rate related to the frame in question, A third 
example of control information are the pilot bits used in channel estimation. 
Such parts of the frame where control information is transmitted can be called 
control fields. There can be set various requirements for each control field as 
to how reliably the control information contained therein must be correctly 
understood in the receiver. 

In a prior art arrangement, a problem results in that data transmission in 
between the mobile station and the base stations is not faultless, in which case 
the receiving device can misinterpret the control information sent by the 
transmitting device. If for instance the power control command is one 
(possibly repetition encoded) bit, its value may change to the opposite owing 
to interference occurring in the radio connection, in which case the device 
which should have its transmission power adjusted misinterprets the 
command for increasing the transmission power and reduces its transmission 
power, or vice versa. In general, it can be assumed that the probability to 
misinterpret the received control information is a decreasing function of the 
channel quality. The channel quality is described for instance by the SIR 
value. 

The object of the present invention is to introduce a method and a system 
whereby the problems related to the reception of control information can be 
reduced both in a macrodiversity connection and in a connection between one 
mobile station and one base station. Another object of the invention is that the 
implementation of the methods and arrangements according to the invention 
does not require an unreasonable amount of signalling in between the fixed 
network facilities or in between base stations and mobile stations. Yet another 
object of the invention is that radio resources can be efficiently utilised 
thereby. 

These objects of the invention are achieved by providing the base stations 
and/or mobile stations with a possibility to transmit the information belonging 
to the control fields (for example pilot field, power control field and RI field 
bits) at a different power than the actual data to be transmitted. Each control 
field may have its own transmission power, which is defined either as an 
absolute power value or as a power difference between it and some other 
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Field. In addition, there must be created a suitable, versatile power control 
system, which controls the transmission power of the data associated with the 
control channel. Said data associated with the control channel here refers 
particularly to the power control commands related to the control of the inner 
loop, but also other data associated with the physical arrangement of the radio 
connection. 

The method according to the invention is applicable for controlling the 
transmission power in a data transmission system comprising a first device 
and a second device and a two-way data transmission connection in between, 
wherein the first device sends to the second device user data and the second 
device sends to the first device user data and control information. It is 
characterised in that it comprises the steps of 

- determining a first transmission power level, a second transmission power 
level and a third transmission power level and 

- transmitting from a second device to a first device a frame of data by 
applying said First transmission power level to the transmission of a user data 
field, said second transmission power level to the transmission of a first 
control information Field and said third transmission power level to the 
transmission of a second control information field. 

The invention also relates to a mobile station and base station in a cellular 
radio system, said stations being characterised in that they are provided to 
function as the First or second device in the method described above. 

According to the invention, the reliability of the control information in the 
reception can be adjusted by sending the bits belonging to a given control 
field at a higher or lower power than the bits belonging to some other field of 
the same frame. When an optimal transmission power is found for the control 
field bits, the reliability of the control information in the reception has 
reached the desired level, and the total interference in the system remains as 
low as possible. Naturally an increase in the transmission power improves 
reliability in ihe reception, and respectively a decrease in the transmission 
power weakens reliability. 

The transmission power of the control field bits is most advantageously 
chosen according to how reliable the receiving device interprets them to be, 
or how much quality-weakening interference there is assumed to occur in the 
radio connection. On the other hand, the transmission power of the different 



4 



-24- 



parts of the control information can also be adjusted depending on the 
measured connection quality in between the receiving and transmitting 
device, in the same or in the opposite transmission direction. For instance, the 
transmission power of the power control commands related to a downlink 
connection can be changed with respect to the transmission power of the rest 
of the bits contained in the same frame, if the quality of the uplink connection 
is unnecessarily good or too bad. In similar fashion, the transmission power of 
the power control commands related to a downlink connection with respect to 
the transmission power of the rest of the bits contained in the same frame can 
be reduced, if the quality of the uplink connection conforms strictly to the 
target level. In that case, the connection quality is typically described with a 
SIR value. 

The increasing of the transmission power of the above mentioned RI bits with 
respect to the transmission power of the rest of the bits contained in the same 
frame improves the reliability of the RI bit interpretation performed by the 
receiver, in which case the receiver can, with a higher probability, handle the 
data bits belonging to the frame correctly. The power difference between the 
pilot bits and the data bits can be adjusted on the basis of how good is the 
value of the quantity describing the connection quality to which the pilot bits 
are in average connected during a given measurement period. The increase of 
the pilot bit transmission power aims mainly at improving the reliability of the 
channel estimate (and the SIR estimate). 

The controlling of the transmission power separately for each control field 
improves the efficiency in the utilisation of radio resources, because an 
unnecessarily high power is not used for transmitting such control commands 
and other control information that can be received to a sufficiently reliable 
degree even when transmitted at a lower power. 

The invention is explained in more detail below, with reference to a few 
preferred embodiments described by way of example, and to the appended 
drawings, where 

3. Brief Description of Drawings 

figure 1 illustrates a frame structure in a downlink connection, 

figure 2 illustrates a frame structure in an uplink connection, 

figure 3 illustrates a number of functional alternatives of the method 
according to the invention, 
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figure 4 illustrates a mobile station according to the invention, 

Figure 5 illustrates a base station according to the invention, and 

figure 6 illustrates a part of a cellular radio system, where the invention can 
be applied. 

Particularly advantageously the invention can be applied in the future UMTS 
(Universal Mobile Telecommunications System), and therefore we shall 
below briefly explain how the inner power control loop is realised in UMTS. 
The invention is, however, not restricted to UMTS applications, but it can be 
used in all cellular radio systems where power control commands and/or 
similar control channel information is transmitted and received in between a 
mobile station and abase station. As an example of such a system, let us point 
out the IS-95 mobile phone system, where the power control commands are 
punctured at pseudo random in the data. In that case, in the method according 
to the invention, the ratio of the control bit transmission power and the data 
transmission poweT is adjusted according to how reliably the control 
information should be received. A higher reliability is achieved by increasing 
the ratio of the control bit transmission power to the data transmission power. 

Figure 1 illustrates a superframe 101 in a downlink connection, said 
superframe comprising 72 successive frames 102. There is illustrated in more 
detail how the j'th frame 103 is divided into 16 time slots 104, as well as how 
the i'th time slot 105 is divided into a pilot field 106, a power control field 
107, an RI (Rate Indication) field 108 and to a data field 109. From the point 
of view of the invention, the lengths of the separate fields are not significant, 
although an advantageous number of bits in the power control field 107 
fluctuates in a way to be explained below. According to the standard 
proposal the length of the whole time slot 105 is 0,625 ms and it contains 
20*2 k bits, where the parameter k e [0, 6] is associated with the employed 
spreading factor. The fields 106, 107 and 108 together constitute a DPCCH 
(Dedicated Physical Control Channel) for the downlink connection, and the 
data field 109 constitutes a DPDCH (Dedicated Physical Data Channel) for 
the downlink connection. In the case of figure 1, the invention is particularly 
related to controlling the transmission power of the bits contained in the pilot 
field 106, the power control field 107 and the Rl field 108. A corresponding 
pilot field, power control field and RI field is contained in every time slot of 
every frame of the superframe, but the invention does not require that all bits 
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of all pilot fields, power control fields and RI fields should be used in the 
same fashion. 

Figure 2 illustrates a corresponding arrangement in an uplink connection. 
Even here, the length of the superfrarne 201 is 720 ms, and it contains 72 
successive frames 202. Among the time slots 204 contained in the j'th frame 
203 represented in more detail, there is particularly illustrated the i'th time 
slot 205, during which the DPCCH part 206 and the DPDCH part 207 are 
transmitted simultaneously and in parallel. Said parts are separated from each 
other by code division, i.e. in transmitting the DPCCH part 206, a different 
spreading code is used than in transmitting the DPDCH part 207. The former 
part contains the pilot field 208, the power control field 209 and the RI field 
210, The invention is particularly related to the use of the bits contained in the 
pilot field 208, the power control field 209 and the RI field 210. In similar 
fashion as in the case of the downlink connection, a corresponding pilot field, 
power control field and RI field is contained in every time slot of every frame 
of the superfrarne, but the invention does not require that all bits of all pilot 
fields, power control Fields and RJ fields should be used in the same way. 

In between a data channel and a control channel, there can prevail a power 
difference of a constant magnitude, by which the effect of the different 
spreading factors to the ratio of the received symbol energies is compensated. 
In general, in an uplink connection the transmission power of the control 
channel (in the UMTS application the DPCCH channel) is lower than that of 
the data channel (the DPDCH channel), because in an upLink connection the 
control channel spreading factor is generally higher than that of the data 
channel In UMTS the chip rate is 4.096 Mchip/s, and if we observe for 
instance a situation where the bitrate of the uplink DPCCH channel is 16 
kbit/s, and the bitrate of he DPDCH channel is 32 kbit/s, and the received 
ratio of channel symbol energies should be maintained the same, the data 
channel must transmit at a double transmission power in comparison to the 
control channel, because its spreading factor (128) is half of the spreading 
factor (256) of the control channel. 

In general, in an uplink connection ihe ratio of the channel symbol energies 
(ratio of the spreading factors) of the DPCCH channel and the DPDCH 
channel received by the base station is higher than the ratio of the 
transmission power of the DPCCH channel and of the DPDCH channel 
respectively, when the bitrate of the DPDCH channel is over 32 kbit/s. In that 
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case the transmission power of the bits in the DPCCH channel of the uplink 
connection, divided by the number of the bits (or by the bitrate), is higher than 
the transmission power of the DPDCH channel divided by the number of the 
bits (or by the bitrate), in which case the control information bits (the bits of 
the DPCCH channel) axe received at a higher energy than the data bits. 

According to the invention, the power differences are not restricted only to 
the different channels, but also inside the channel, in the separate fields - 
represented by fields 106, 107, 108, 208, 209 and 210 in figures 1 and 2 - the 
transmission power of the bits to be transmitted can have different values, and 
transmission power can be adjusted from time to time, or even during a given 
connection. 

According to a preferred embodiment of the invention, the desired ratio of the 
channel symbol energies of the DPCCH channel and the DPDCH channel 
within the uplink connection can be adjusted on the basis of the quality of the 
uplink or downlink connection, Said quality is described by some measured or 
estimated characteristic, for example the SIR value. When speaking of 
increasing or reducing the transmission power difference in between the 
control channel (or a part thereof) and the data channel, it is necessary to take 
into account the possible original value of said power, which value is then 
adjusted. 

The invention encompasses a large number of functional and 
implementational alternatives. The mutual relations of said alternatives are 
illustrated in figure 3, which is divided into five subfigures 3a, 3b, 3c, 3d and 
3e, In the general picture formed by said subfigures, the subfigures are 
organised one below the other so that the topmost is subfigure 3a, and the 
lowest is subfigure 3e. The functional alternatives illustrated in the drawing 
are placed in a hierarchical order, i.e. under a given higher-level function, 
there is located a given number of functions of the next highest level, part of 
which can be mutually alternative. The alternative nature between given 
lower-level functions immediately associated with one and the same higher- 
level function is marked with a dot or a cross in the upper left corner of the 
block representing said function. As an example, let us observe the function 
333 illustrated in the subfigure 3b, under which there are located the lower- 
level functions 334, 335, 336, 337 and 33S. Among these, the functions 334 
and 335 are mutually alternative (dot), and the functions 336 and 337 are 
mutually alternative (cross). The lines describing the hierarchical order of the 
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functions continue from one subfigure to another, and at the seams in between 
the sub-figures, said lines are provided with code letters and numbers. For 
instance, the downwardly directed line Al located at the left edge of the 
subfigure 3a continues at the top edge of the subfigure 3b, at point Al. The 
functions 317, 321, 322, 323 T 324 and 325 are parts of a wider function, to be 
executed in this order, which is illustrated by the arrows drawn between said 
functions. 

Block 301 represents the idea behind the invention, according to which the 
transmission power of the control fields can be chosen to be mutually 
different, and also different from the transmission power of the data field. 
Because in figure 3 we observe particularly how the invention is applied in 
the UMTS system, where the location of the control fields and the data fields 
in the frames corresponds to figures 1 and 2, and the selection of the 
transmission power of the power control commands 302, the selection of the 
RI bit transmission power 371 and the selection of the pilot bit transmission 
power 383 are placed under the block 301. Let us now observe the selection 
of the transmission power for the power control commands. 

In order to select the transmission power of a given field according to the 
method of the invention, there axe three alternative ways. The first alternative 
303 is that the power difference in the transmission power between a given 
field (while under the heading in block 302: the power control field) and the 
data field is permanently defined in the system specifications. This is not the 
best possible way to adapt the system to changing conditions, although it is 
advantageous in terms of minimum complexity. The second alternative 304 is 
that a radio network controller, RNC, decides the power difference that is 
applied in each case between the transmission power of a given (power) 
control field and of the data field. The term "radio network controller" refers 
in general to a device included in the fixed parts of the network, said device 
controlling the use of radio resources in a base station subsystem containing 
several base stations, or in some other part of a cellular radio system. The 
rhird alternative 365 is that each base station independently determines the 
transmission power differences in the separate fields. It is advantageous to 
centralise the decision-making process into the radio network controller, 
according to the alternative 304, particularly from the point of view of 
macrodiversity connections, as compared to base station centered decision- 
making 365, because in the former case, there is no need for specific 
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mechanisms in order to transmit power control information between base 
stations. 

Under alternative 304, let us separately observe power control commands to 
be transmitted in the downlink direction 305 and power control commands to 
be transmitted in the uplink direction 350. In the downlink case, according to 
block 306, it is advantageous that the base stations participating in a 
macrodiversity connection can apply a different power difference in the 
transmission power between the power control commands and the data field. 
The power differences can, according to block 307 7 be adjusted at regular 
intervals, for instance as often as the actual power control (according to the 
inner loop) is performed in the connection 308, or with some other control 
frequency 309 - the invention does not restrict how often the power should be 
adjusted. Regularity here does not mean a rigid regularity, but the power 
control frequency of the power control commands can be flexible, for 
example according to how large a part of the system capacity can be allocated 
for this purpose. 

The expression of the power to be employed in the transmission of the power 
control commands is, for the sake of simplicity, called the expression of 
power difference, because one very advantageous practice is to express just 
the transmission power difference between the power control commands and 
the data, and not any absolute transmission power value of the power control 
commands, The radio network controller must then indicate the power 
differences to be employed in the transmission of the power control 
commands in the downlink connection to the base stations according to block 
310, This can be carried out as radio network controller signalling (RNC 
signalling) 311, or as part of internal signalling between the fixed parts of the 
network 312. Information of all or some power differences can also be 
transmitted to the mobile station according to block 313, most advantageously 
by using RNC signalling 314, For example, only the power difference 
between the pilot bit field and the data bits from, each base station forming a 
macrodiversity connection can be signalled to trie mobile station, in which 
case the information as regards the power differences between the rest of the 
control information and the data is left unsignalled to the mobile station. 
When the mobile station knows the transmission power readings of the power 
control commands at the different base stations, it can use the received power 
control commands for channel estimation and for the estimation of the SIR 
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value according to block 315. The basis for defining the downlink power 
differences can be the quality of the downlink connection 316 and/or the 
quality of the uplink connection 339. In the former case, the connection 
quality is measured by the mobile station according to block 317, by applying 
either the measurement of the SIR value of the known Perch channel 3 1 8, or 
the distance attenuation estimates of the base stations 319, if these are 
available. The mobile station can average the measurements over a given 
period of time, according to block 320; an alternative would be the 
transmission of each measured value promptly to the radio network controller 
via the base station, but this would take a remarkable amount of radio 
resources between the mobile station and the base station. In the averaging 
320, weighting can be applied, where the latest values are weighted most. 

From the quality measurement 317, there begins a chain of actions, an 
exemplary realisation of said chain being illustrated in figure 3. According to 
block 321, the mobile station signals the averaged SIR values (or distance 
attenuation estimates) to the radio network controller, which finds the highest 
among the signalled values and sets it as a reference value according to block 
322. Thereafter, a quantity called the distance attenuation factor is calculated 
for each macrodiversity connection base station, according to block 323. It is 
an averaged SIR value of the Perch channel of the downlink connection of 
said base station, or a corresponding quantity divided or multiplied by the 
reference value. By means of the distance attenuation factor, the power 
differences proper for each base station are calculated according to block 324. 

As an example, let us assume that a macrodiversity connection includes n 
base stations, where n>l, and the absolute SIR values of the Perch channel 
(not in decibels), associated with their downlink connections and measured by 
the mobile station, are for the base station number one Xj, for the base station 
two x 2 -and in general for a base station k<nx k . Let us further assume that the 
highest among said values is the value X\ associated with the base station 
number one. Now the power difference set for the base station one is 
(xi/xi}*z, the power difference set for the base station two is (x i /x 2 ) itt 2 and in 
general the power difference set for a base station k<n is (x t /x k )*2- In these 
power difference calculation formulas, z is a desired power difference of the 
power control commands and the data bits in a case where the mobile station 
is in a macrodiversity connection with n base stations, so that the SIR values 
of the Perch channel in the downlink connection of said base stations, or the 
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average distance attenuation factors calculated on the basis thereof, are equal 
Now (according to the calculation formulas), in decibels the transmission 
power of the power control commands of a base station k<n is 
10*loglO((xL/x b )*z)dB higher than the transmission power of the data 
channel. The power difference calculated in this fashion can here be called 
the distance attenuation based power difference, The power difference of the 
base station one, which has the highest SIR value of a downlink connection, 
is 10 :f! loglO((K 1 /x 1 ) :f: z)dB, where the value of z can be chosen to be for 
instance n, when the mobile station is in a macrodiversity connection with n 
base stations. 

Thus it is advantageous to first choose the parameter z to be for example the 
same as the number of such base stations that are involved in the 
macrodiversity connection between the mobile station and the network. The 
task of the parameter z is to improve the reliability of the power control 
commands, which is achieved by increasing the value of the parameter z. For 
example, if there are three base stations, the value chosen for z can at first be 
three, but when necessary, the value of the parameter 2 can be adjusted, so 
that its value is increased, if the reliability of the power control commands is 
not sufficiently good, and its value is reduced, if the reliability of the power 
control commands (for instance the SIR value of the power control 
commands) is unnecessarily good. 

In blocks 322-324 t the power differences are defined essentially from the 
measured SIR values of the Perch channel of the downlink connection, or 
from other corresponding quantities. In addition, in the power differences 
there can also be added an individual reliability margin for each base station 
326, or the same reliability margin for all base stations of the macrodiversity 
connection, according to the procedure represented in block 325. This kind of 
base-stationwise reliability margin can be used for controlling the 
transmission power of the power control commands sent by all base stations 
involved in the macrodiversity connection and for thereby affecting the 
reliability of the power control commands. In general, an increase in the 
reliability margin improves the reliability of the power control commands 
received by the mobile station, and a reduction in the reliability margin 
reduces reliability. Because the reliability margin can be different for different 
base stations, the reliability of the power control commands of a single base 
station can be improved on the basis of the measured quality of the data 
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transfer as in block 327, the measurement being based on the downlink 328 
and/or uplink 329 data, in said connection, for example so that if the quality 
(for example the SIR value of the power control commands or that of the 
data) has been sufficiently good, the reliability margin can be reduced, 
whereas in other cases the reliability margin is increased, If the reliability 
margin is to be adjusted on the basis of the average quality of an uplink 
connection experienced by the base station, it is advantageous to increase the 
reliability margin, if the quality (for example the SIR value) has been just 
barely sufficient or too poor, and in other cases it is advantageous to reduce 
the reliability margin. 

The reliability margin can be used alone in order to determine the power 
differences of the power control bits and the data bits for each base station, 
without taking into account differences in the distance attenuation for the base 
stations and the parameter z, in which case the distance attenuation based 
power difference is 1 (0 dB), 

Another alternative for adjusting the reliability margin and therethrough the 
power difference individually for each base station according to the quality of 
the uplink connection is based on a rule like the following: the reliability 
margin is increased, if the quality is sufficiently good (i.e. the value of the 
quality factor, for example the SIR value, surpasses a given upper limit), and 
the reliability margin is reduced, if the quality is too poor (i.e. the value of the 
quality factor falls below a given lower limit, which is smaller or equal to the 
upper limit value), and the reliability margin is left unchanged, if the quality 
of the uplink connection is not too good nor too bad (i.e. the value of the 
quality factor remains in between the upper and the lower limit, i.e. in the so- 
called quality window 330). In general it is profitable to choose a positive 
reliability margin 331 (for instance 1 dB; 332), in which case the mobile 
station receives the power control commands of said base station more 
reliably than in a situation where the reliability margin is not used. 

Moreover, the value of the reliability margins can be adjusted on the basis of 
the data transmission rate (bitrate) 333, so that a function or a took-up table is 
created, which function or table maps the employed data transmission rate as 
a value of the reliability margin. In that case the transmission rate of the data 
to be transmitted refers mainly to the data transmission rate in the same data 
transmission direction to which the power control commands are related, the 
commands whose transmission power difference is adjusted with respect to 
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the data bit power. Hence, if the power difference of the power control 
commands transmitted in a downlink connection is adjusted with respect to 
the power of the data bits of the downlink connection, the value of the power 
difference (reliability margin) can be adjusted based on the data transmission 
rate of the uplink connection. 

The invention does not restrict the controlling of the power difference on the 
basis of the data transmission rate of a given transmission direction, but the 
adjusting of the reliability margin associated with the power difference, or in 
general the adjusting of the whole power difference can be based on the data 
transmission rate of data transmitted in either direction 334, 335, irrespective 
of the direction in which the relative power of the power control commands 
(or other control information fields) with respect to data bit power is adjusted. 
Most advantageously the reliability margin is an increasing function of the 
data transmission rate 338: the value of the reliability margin increases when 
the data transmission rate increases, and decreases when the data transmission 
rate decreases. A practical solution is to present the function as a table, with 
the data transmission rate values in one column, and the reliability margin 
values in the adjacent column (a look-up table 336). Now the value of the 
reliability margin associated with the employed data transmission rate can be 
looked up, If the data transmission rate value in question is not found in the 
table, the nearest values are used for interpolating the reliability margin value 
or the nearest-entry in the data transmission rate column is used for looking 
up the reliability margin value. Function f which determines the ratio of the 
data transmission rate and the reliability margin value can also be a 
continuous function 337. Thus the reliability margin value used in each base 
station in a macrodiversity connection can be affected by both the quality of 
the downlink (and/or uplink) connection and the employed data transmission 
rate. 

Yet another possibility is to control the value of the parameter z , explained 
above, on tfae basis of the data- transmission rate - in similar fashion as the 
controlling of the reliability margin according to the data transmission rate is 
described above. In that case the reliability margin is no more dependent on 
the data transmission rate. 

Instead of the above described actions located below block 316, the 
controlling of the transmission power of the power control commands 
transmitted in the donwlink connection can be based on the quality of the 
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uplink connection, according to block 339. From the point of view of this 
embodiment, the essential factor is the describing of the uplink connection 
quality by the SIR value 340 or by the value of some other corresponding 
quantity, which is measured after the transmission carried out in an uplink 
time slot. The SIR value or a corresponding quantity can in general be called 
a quality factor 342 in this context as well as in other contexts where this 
patent application describes the use of the SIR value. In addition to the SIR 
value, other possible quality factors are for instance S/N (Signal to Noise 
ratio), S/(N+I) (Signal to Noise and Interference ratio), BER (Bit Error Ratio) 
and PER (Frame Error Ratio), In addition to the quality factor, or instead of it, 
information about the reliability of the power control command received by 
the base station 341 can be used; as such, the investigation of the reliability of 
a received command or some other value is just a way to determine the 
quality of the connection. An estimate of the reliability of a received 
command is easily obtained for example by observing how the received form 
of said command is located on a value axis where the known values are those 
that exactly correspond to the correctly received values of said command. The 
evaluation of the reliability of a received command is explained in an earlier 
patent application, number FI-980809 by the same applicant, which is 
incorporated herein by reference. 

According to the invention, the transmission power of the power control 
commands transmitted in the downlink connection and/or other data 
associated with the control channel (or the ratio of their transmission power to 
the transmission power of the data bits} may even be controlled separately in 
each base station belonging to the macrodiversity connection. In such a case it 
is most profitable to first adjust the transmission power of the data bits, and 
thereafter the transmission power of the power control commands and/or 
other data associated with the control channel 345, either as an absolute 
power value 346, in which case the transmission power of the power control 
command does not have to be dependent on the data bit transmission power, 
or by defining the power difference between the transmission power of the 
control commands and that of the data bits for instance as a decibel value 347. 
In the beginning, the power difference can be initialised 348' by setting it for 
example as 0 dB, +3 dB or -3 dB. A power difference 0 dB means that the 
transmission power values are identical, 3 dB means that the transmission 
power of the power control commands and/or other data associated with the 
control channel is double as compared to the transmission power of the data 
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bits, in which case the bits that were transmitted at a higher rate are received 
more reliably, and the power difference -3 dB means that the transmission 
power of the control commands and/or other data associated with the control 
channel is half of the transmission power of the data bits. Thereafter the 
power difference can be continuously adjusted, or it can be reset 349 to the 
power difference target value desired by the radio network controller, by 
using radio resource control signalling at regular intervals. 

Despite of the adjusting of the transmission power of the power control 
commands, the mobile station receives the power control commands 
transmitted in the downlink direction with a fluctuating reliability level, and 
in a macrodiversity connection from various base stations with different 
reliability levels. According to an advanced embodiment of the invention, it is 
possible to require that the command signifying a reduction in the 
transmission power must be sufficiently reliably received in the mobile 
station, in order to make the mobile station reduce its transmission power. 
Again the applied measure of reliability can be the above described location 
of the received form of the command on a given axis, where the known points 
are the correctly received values of said command. Another possible measure 
for the reliability is the SIR value or a corresponding characteristic describing 
the connection quality, so that if the SIR value estimated for the data bits or 
the power control bits, or a corresponding value, surpasses a given 
predetermined target level, the power control comrnand is interpreted as 
reliable. In other cases the power control corrunand is interpreted as 
unreliable. 

The minimum reliability required of the power control commands in 
connection with one base station simply means that the mobile station does 
not obey such power control commands that it interprets as unreliable. In a 
macrodiversity connection it can be required that each power control 
command must be received with a given level of reliability, in order to be 
accepted as input information to the algorithm according to which the mobile 
station controls its transmission power. By way of example/let us assume that 
the mobile station Is in a macrodiversity connection with two base stations. 
The first base station sends to the mobile station a command to increase its 
transmission power, and the mobile station receives said comrnand with a 
reliability level better than the minimum level. The second base station sends 
to the mobile station a command to reduce transmission power, but this 
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command the mobile station receives with a reliability level poorer than the 
minimum level. Now the mobile station increases its transmission power, 
because the command sent by the second base station and interpreted as 
unreliable is not fulfilled. 

Let us now observe an advantageous embodiment of choosing the 
transmission power for the power control commands to be transmitted in the 
uplink direction. In figure 3, this observation is located under block 350. Let 
us further assume that the decisions of the power differences are earned out 
by the radio network controller, in which case it must transmit the information 
of the decision to the mobile station most advantageously as RNC signalling 
351, and to the base stations 352 as RNC signalling 353, or as internal 
signalling of the fixed part of the network 354. When the base station knows 
the transmission power of the power control commands in the mobile station, 
it can use the received power control commands for channel estimation and 
for estimating the SIR value 355, 

The employed value of the quality factor of the uplink connection (356), 
affecting the choice of the transmission power of the power control 
commands transmitted in the uplink connection, can be either an average 
value of a given period 363 > or a value associated with exactly the previous 
time slot 362. If the quality factor is the SIR value of the control channel or 
that of the data channel 357, the employed limiting value of the quality factor 
in the transmission power control of the power control commands and/or 
other information associated with the control channel can, according to the 
invention, be the same as the value which is the common SIR value target 
level of the whole connection (given by the outer power control loop, Le. the 
so-called quality loop) 358. Another possibility is to employ a value which is 
higher or lower, for the amount of a given margin, than the SIR target level of 
the connection, given by the quality loop, in general it is profitable to choose 
this reliability margin to be positive, i.e. to keep the hmiting value describing 
the quality of the connection, applied in adjusting the transmission power of 
the power control commands related to the downlink connection and/or af 
other information associated with the control channel, higher 359 than the 
target level applied in the data transmission of the connection. The value of 
the quality factor is measured and signalled to the RNC by the base station 
364. 
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In its cells, the base station can make independent decisions as for the 
transmission power of the power control commands according to block 365. 
Now inside the cell, on a smaller scale, essentially the same procedures are 
applied as were described above in relation to the base station subsystem, 
where the decisions were made by the radio network controller. In a downlink 
connection 366, the base station centred decision-making automatically Leads 
to a situation where different transmission power values 367 are used in cells 
belonging to different base stations for sending power control commands. 

Naturally the control information transmission power adjusted according to 
the invention, he. in UMTS the transmission power of the different fields of 
the DPCCH channel, must not surpass the limits of the general power control 
dynamics 368, i.e. they must not surpass the highest allowed transmission 
power nor fall below the lowest allowed transmission power. In addition to 
this, it is advantageous to restrict the transmission power of the control bits 
(bits of the DPCCH) so that the transmission power value of each field in the 
control channel is in one way or another linked to the transmission power 
value of the DPDCH channel 369 transmitted in the same time slot. For 
instance, the transmission power of the DPCCH channel fields can be 
restricted within an interval, where the lower limit is half of the transmission 
power of the DPDCH used in the same time slot, and the upper limit is five 
times the transmission power of the DPDCH used in the same time slot, 370. 
Other lower and upper limits can be found for example by experimenting. 

Next we shall explain in more detail how the transmission power particularly 
in transmitting the RI bits is controlled according to an advantageous 
embodiment of the invention- In figure 3, this observation falls under block 
371 , In controlling the transmission power of the RI bits, the same principles 
can be applied as in controlling the transmission power of the power control 
commands, which is illustrated by the general blocks located under block 371 
and marked with three dots. The general block 372 represents all blocks 303 - 
324 associated with the adjusting of the transmission power of the power 
control commands, the general block 374 represents blocks 326 - 330 and the 
general block 379 represents both blocks 334 - 336 and blocks 339 - 370, 

The transmission power of the RI bits can in the method according to the 
invention be different than the transmission power of the power control 
commands. Power difference between the RI bits and the power control bits 
in one of the macrodwersity connection base stations can, for instance, be due 



1 8 



-38- 



to the fact that the power of both the RI bits and the power control bits in 
relation to the power of the data bits is calculated in the same fashion, on the 
basis of the distance attenuation estimates of the base stations of the 
macrodiversity connection, or corresponding quantities anchor on the basis of 
the connection between the base station and the mobile station, except that the 
reliability margin 373 of the power difference between the RI bits and the 
data differs from the reliability margin of the power difference between the 
power control bits and the data. The reliability margins associated with the 
power difference between the RI bits and the data bits, as well as to the power 
difference between the power control bits and the data bits can for instance be 
in different ways dependent on the data transmission rate 377 of the data to be 
transmitted. Function f - in between the reliability margin (usually 
independent of the connection quality) to be added in the power difference 
between the power control commands and the data bits, and the data 
transmission rate - can be a different function from function g between the 
reliability margin to be added in the power difference between the RI bits and 
the data bits and the data transmission rate in block 3S0. In the same way as 
controlling the power difference between the power control commands and 
the data bits, also in controlling the power difference between the RI bits and 
the data bits, it is not necessary to observe the distance attenuation based 
power difference (i.e. neither the differences between the base station 
distance attenuation estimates or similar quantities, nor the value of the 
parameter z), but the power differences employed in the various base stations 
of a macrodiversity connection can be directly defined on the basis of the 
reliability margin, in which case the reliability margin as such can be called 
the power difference. 

Generally the value of function 1 a function between the data transmission 
rate and the reliability margin associated with the power difference between 
the power control commands and the data bits, is profitably chosen, for every 
value of the data transmission rate, to be at least equal or larger than the value 
of function g, a function between the data transmission rate and the reliability 
margin associated with the power difference between the RI bits and the data 
bits. This is due to the high reliability requirements of the power control 
commands and to the fact that it is often reasonable to keep the reliability 
margin associated with the power difference between the RI bits and the data 
bits fairly narrow, because if the data is not received well enough, the 
correctly received RI bits do not necessarily have any great value. This is 
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presented by the reliability margin being near 0 dB in block 376. The value of 
function g, associated with low data transmission rates, can naturally be 
higher than the value of function f, but still it is advantageous to choose 
function f so that its growth rate at any point (at the data transmission rate 
value) is higher than that of function g, i.e. function g grows at a slower rate 
382 than function f. 

What was described in the above specification as regards controlling the 
power difference between the transmission power of the RI bits and the 
transmission power of the data bits, can almost fully be applied in controlling 
the power difference between the pilot bits and the data bits under block 383, 
This is represented by the general block 384 (corresponds to blocks 303 - 
324), the general block 386 (corresponds to blocks 326 - 338) and the general 
block 388 (corresponds to blocks 339 - 370), The only difference illustrated 
in figure 3 is that the value of the reliability margin associated with the power 
difference between the pilot bits and the data bits is generally advantageously 
chosen to be higher than the value of the reliability margin associated with the 
power difference between the RI bits and the data bits according to block 387. 
On the other hand, nothing in the invention prevents the power difference 
between the transmission power of the RI bits and that of the data bits from 
being larger than the power difference between the transmission power of the 
pilot bits and that of the data bits. The reliability margin of the transmission 
power of the pilot bits can be adjusted according to the same principles as the 
reliability margin of the transmission power of the RI bits, and the reliability 
margin of the transmission power of the power control commands, but all of 
these reliability margins can be different in size. In cellular radio systems, the 
requirement of reliability in receiving the pilot bits correctly is high, and 
therefore it is generally advantageous to send the pilot bits (at least in the 
downlink connection, where the control information, to which also the pilot 
bits belong, and the data bits are separated in time) at a higher power than the 
data bits of the same power control slot, in which case the reliability and 
accuracy of the channel estimation are improved. 

Figure 4 is a schematic illustration of a mobile station 400 in a cellular radio 
system, said mobile station comprising in the transmitting branch a 
microphone 401, an amplifier 402 7 an A/D converter 403 and a transmitter 
404, as well as in the receiving branch a receiver 41 1 , a D/A converter 412, 
an amplifier 413 and a loudspeaker 414. The passage of the signal between 
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the transmitting and the receiving branch as well as the antenna 409 is 
controlled by a duplexing block 408. Most advantageously the control block 
405 is realised by a microprocessor, from which connections are provided to 
the display 406 and the keyboard 407, as well as to the memory 410, where 
the program run by the microprocessor 405 is stored and which is used as a 
data storage during operations. In order to apply the invention to a mobile 
station illustrated in figure 4, the transmitter block 404 must be provided so 
that when a birflow representing the user's speech, produced by the A/D 
converter 403, and control information flows produced by the control block 
405 are fed in said transmitter block, the transmitter block can apply different 
transmission power values for transmitting the bitflow representing the user's 
speech and the desired parts of the control information flow. In order to use 
the invention in practice, the control block 405 and the receiver block 41 1 
must also be provided so that notice can be sent to the control block as to the 
guidelines of the transmission power, contained in the received radio resource 
control signalling, and that on the basis of said information, the control block 
can control the transmission power of the power control commands applied in 
the transmitter block 404. 

Figure 5 is a schematic illustration of a base station 500 comprising an 
antenna 501 and transmitter/receiver units 503 connected thereto by 
intermediation of a duplexing block 502, through which unit 503 there is 
further provided, via the path 504, connection to the control block 505 and to 
the transmission unit 506; by intermediation of said unit 506, the base station 
500 is connected to the transmission system 507, connecting base stations of 
the base station subsystem and the base station controller / radio network 
controller. In order to apply the invention to a base station according to Figure 
5, the transmitter blocks in the transmitter/receiver unit 503 must be provided 
so that when the data to be transmitted enters the transmitter block through 
the path 504 from the transmission unit 506, and the information associated 
with the control channels as well as the information associated with the 
transmission power values applied in the transmitter block enter the 
transmitter block through the path 504 from the control block 505, the 
transmitter block can apply the desired power level in transmitting the bits of 
the data to be transmitted and those of the information associated with the 
desired parts of the control channels. In order to employ the invention, the 
control block 505, the transmission unit 506 and the receiver block of the 
transmitter/receiver units 503 must also be provided so that via the path 504, 



2 i 



-41- 



information of the guidelines regarding the transmission power contained in 
the radio resource control signalling received from the transmission system 
can be sent to the control block, and that the control block can, on the basis of 
said information, vary the transmission power of the power control commands 
applied in the transmitter block of the transmitter/receiver units 503, as well 
as the transmission power of other control information. 

Figure 6 illustrates a part 600 in a cellular radio system, wherein the 
macro diversity connection in between the mobile station 601 and the network 
602 passes via the base stations 603 and 604 as well as via the radio network 
controller 605. Here we assume that the radio network controller 605 also 
serves as the base station controller; it is also possible to place the radio 
network controller in connection with a mobile switching centre or some 
other fixed arrangement of the network. In a preferred embodiment of the 
invention which is particularly suitable to be applied in this system, the radio 
network controller 605 hands out the guidelines of the power control 
according to the invention to the base stations 603 and 604, and through them, 
to the mobile station 601 by employing radio resource control signalling. In 
that case, in addition to what was said above, the radio network controller 605 
must be provided for making and expressing such power control related 
decisions which were explained above, in connection with the various 
preferred embodiments of the invention. 
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4. Claims 



1 . A method for controlling transmission power in a data transmission 
system comprising a first device and a second device and in between them a 
two-way data transmission connection, where the first device transmits to the 
second device user data on a data channel, and the second device transmits to 
the first device user data on a data channel and control information on a 
control channel, and the transmission is arranged in frames that comprise a 
user data field corresponding to a data channel and at least a first and a 
second control information field corresponding together to a control channel, 
characterised in that it comprises the steps of 

- determining a first transmission power level, a second transmission power 
level and a third transmission power level and 

- transmitting from the second device to the first device a frame by applying 
said first transmission power level to the transmission of the user data field, 
said second transmission power level to the transmission of the first control 
information field and said third transmission power level to the transmission 
of the second control information field. 

2. A method according to claim 1, characterized in that said second and 
third transmission power levels are equal and different from said first 
transmission power level, corresponding to the transmission of the data 
channel with one transmission power level and the control channel with 
another transmission power level. 

3. A method according to cLaim 1, characterized in that said second and 
third transmission power levels are unequal, corresponding to the 
transmission of at least two control information fields of the data channel 
with mutually different transmission power levels. 

4. A method according to claim 1, characterized in that it additionally 
comprises the steps of 

- sensing a quality factor of the connection between the first device and the 
second device (316, 339, 356) and 

- adjusting at least one of said second and third transmission power levels 
{304, 365) in relation to said first transmission power level, on the basis of the 
sensed quality factor between the first and second device. 
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5. A method according to claim 4, characterised in that the step of 
adjusting at least one of said second and third transmission power levels 
comprises the substeps of adjusting said second transmission power level in a 
certain way and adjusting said third transmission power level in a different 
way on the basis of the same sensed quality factor. 

6. A method according to claim 4, characterised in mat, in a data 
transmission system comprising mobile stations as well as a number of base 
stations and a radio network controller controlling the operation thereof, it 
comprises the steps of 

- sensing a quality factor of a connection between a mobile station and a base 
station, 

- conveying a value representing the sensed quality factor to the radio network 
controller, 

- deciding in the radio network controller the adjustments to at least one of the 
second and third transmission power levels on the basis of said conveyed 
value, 

- conveying to at least one of said base station and said mobile station power 
control information representing the decided adjustments to the transmission 
power levels and 

- implementing in at least one of said base station and said mobile station the 
decided adjustments to the transmission power levels on the basis of said 
conveyed power control information. 

7. A method according to claim 6, characterised in that during a given 
connection between said base station and said mobile station, the quality 
factor is sensed repeatedly, and that the radio network controller makes a new 
decision as regards the transmission power levels as a response to each 
occasion of sensing the quality factor (307). 

8. A method according to claim 6, characterised in that at least one of the 
adjusted transmission power levels used by the base station is reported to the 
mobile station (313]. 

9. A method according to claim 6, characterised in that the radio network 
controller makes a decision as regards at least one of the second and third 
transmission power levels to be used by the base station on the basis of the 
sensed quality of a downlink connection between the base station and the 
mobile station (316). 
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10. A method according to claim 9, characterised in that it comprises the 
steps of 

- sensing at the mobile station the quality of the downlink connection between 
the base station and the mobile station (317), 

- reporting by the mobile station the sensed quality of the downlink 
connection to the radio network controller (321), 

- calculating at the radio network controller the initial adjusted transmission 
power levels to be used by said base station (322, 323, 324), 

- adding at the radio network controller a reliability margin (325) to the initial 
adjusted transmission power levels to obtain final adjusted transmission 
power levels and 

- signalling the final adjusted transmission power levels to the base station. 

11. A method according to claim 9, where additionally a rnacrodiversity 
connection is applied, where among the base stations controlled by the radio 
network controller there are a first and second base station, which are 
simultaneously in a data transmission connection with one and the same 
mobile station, characterised in that it comprises the steps of 

- sensing at the mobile station the quality of the downlink connection between 
the first base station and the mobile station and between the second base 
station and the mobile station (317), 

- reporting by the mobile station the sensed qualities of the downlink 
connections to the radio network controller {321), 

- seiecting at the radio network controller the reported quality describing the 
better of the reported connection qualities as a reference value (322), 

- calculating at the radio network controller a distance attenuation factor fox 
each base station by calculating the ratio between the reported quality 
regarding that base station and said reference value (323), 

- separately calculating at the radio network controller for each base station 
the relation of at least one of the second and third transmission power levels 
used by that base station to the first transmission power level used by that 
base station by multiplying said distance attenuation factor by a ratio of the 
unadjusted second or third transmission power level respectively and the first 
transmission power level (324), 

- adding at the radio network controller to the calculated second or third 
transmission power level for each base station a reliability margin (325) and 

- signalling the so obtained final adjusted transmission power levels to the 
base stations. 
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12. A method according to claim 11, characterised in that the size of said 
reliability margin is separately determined for each base station (326). 

13. A method according to claim 11, characterised in that the size of said 
reliability margin is selected on the basis of a data transmission rate applied in 
the connection in question (333). 

14. A method according to claim 13, characterised in that the size of said 
reliability margin is an increasing function of the data transmission rate (338). 

15. A method according to claim 6, characterised in that the radio network 
controller makes a decision as regards at least one of the second and third 
transmission power levels used by the base station on the basis of the sensed 
quality of an uplink connection between the base station and a mobile station 
(339). 

16. A method according to claim 6, characterised in that the radio network 
controller first makes a decision of the first transmission power level to be 
used by the base station, and thereafter a decision of at least one of the second 
and third transmission power levels used by said base station in relation to the 
decided first transmission power level used by said base station (345). 

17. A method according to claim 6, characterised in that the radio network 
controller makes a decision as regards at least one of the second and third 
transmission power levels to be used by the mobile station on the basis of the 
sensed quality of a uplink connection between the base station and the mobile 
station (356). 

IS. A method according to claim 4, characterised in that the sensed quality 
factor is one of the following: SIR, S/N, S/(N+I), BER, FER S or an estimate 
of the reliability of a received value. 

19, A method according to claim 1, characterised in that in a 
macrodiversity connection, where a first device is simultaneously in a data 
transmission connection with a primary second device and a secondary 
second device, it comprises the steps of 

- determinirig said first, second and third transmission power levels separately 
for said primary and secondary second devices and 

- transmitting from the primary second device to the first device a frame by 
applying the first, second and third transmission power levels determined fur 
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the primary second device, and from the secondary second device to the first 
device a frame by applying the first, second and third transmission power 
levels determined for the secondary second device (306). 

20. A method according to claim 1, characterised in that the determination 
of the first, second and third transmission power levels is restricted so that 
each of them is always at least as high as a smallest allowed transmission 
power level predefined in the data transmission system, and at most as high as 
a highest allowed transmission power level predefined in the data 
transmission system (368). 

21. A method according to claim 1, characterised in that the determination 
of the second and third transmission power levels is additionally restricted so 
that each of them is always at least as high as the first transmission power 
level multiplied by a given first factor, and at most as high as the first 
transmission power level multiplied by a given second factor (369 ? 370). 

22. A method according to claim 1, wherein the data transmission system 
comprises mobile stations and base stations so that first device is a mobile 
station and the second device is a base station, and the control information 
comprises power control commands sent by the base station to the mobiLe 
station, characterised in that it comprises the steps of 

- estimating at the mobile station the reliability of at least a majority of the 
power control commands received from the base station, and 

- when adjusting its own transmission power, observing at the mobile station 
only such power control commands, whose estimated reliability in reception 
surpasses a predetermined minimum reliability. 

23. A method according to claim 22, characterised in that the mobile 
station estimates the reliability of the received power control commands by 
estimating the SIR value in the reception, in which case said predetermined 
minimum reliability corresponds to a predetermined SIR value. 

24. A cellular radio system mobile station (400), comprising means (404, 
408, 409) for sending data to be transmitted and control data-to a base station, 
and means (409. 408, 41 1) for receiving data to be transmitted and control 
data from the base station, characterised in that it is provided to serve as the 
first or second device in the method described above in claim 1 . 
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25. A cellular radio system base station, comprising means (503, 502, 501) 
for sending data to be transmitted and control data to a mobile station and 
means (501, 502, 503) for receiving data to be transmitted and control data 
from the mobile station, characterised in that it is provided to serve as the 
first or second device in the method described above in claim 1. 
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L Abstract 



A data transmission system comprises a first device and a 
second device and a duplex data transmission connection 
therebetween. The first device sends to the second device 
user data on a data channel and control information on a 
control channel The transmission is arranged in frames that 
comprise a user data field corresponding to a data channel 
and at least a first and a second control information field 
corresponding together to a control channel. In order to 
realise the control of the transmission power, there is 
determined a first transmission power level, a second 
transmission power level and a third transmission power 
level. From the second device to the first device there is 
transmitted a frame by applying said first transmission 
power level to the transmission of the user data field, said 
second transmission power level to the transmission of the 
first control information field and said third transmission 
power level to the transmission of the second control 
information field. 

2. Representative Drawing 
Figure 3 
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